TITLE OF THE INVENTION 

TRANSFER RATIO VARYING APPARATUS 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is based on and claims priority under 35 U.S.C. §119 with respect to 
Japanese Patent Application 2002-314760, filed on October 29, 2002, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] This invention generally relates to a transfer ratio varying apparatus capable of 
varying a transfer ratio between a steering angle of a steering wheel and an angle of a wheel 
assembly, where the wheel assembly includes wheels and an axle connecting the wheels. 

DESCRIPTION OF THE RELATED ART 

[0003] Conventionally, a transfer ratio varying apparatus is described in Japanese patent 
Laid-Open Publication No. 2000-211541. The transfer ratio varying apparatus includes a 
steering shaft for transmitting a steering angle of a steering wheel, and an actuator connected 
to the steering shaft. The actuator includes a housing, an input shaft positioned for integral 
rotation with the housing and connected to the steering shaft, a motor fixed in the housing 
and including a shaft that is rotatable (hereafter "motor shaft"), an output shaft rotatably 
supported by the housing and transmitting an angle to a wheel assembly, where the wheel 
assembly includes wheels and an axle connecting the wheels, and a gear mechanism disposed 
between the motor shaft and the output shaft in the housing and increasing or decreasing a 
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rotational angle of the motor shaft. The increased or decreased rotational angle of the rotary 
shaft is outputted to the output shaft. 

[0004] Normally, the wheel assembly can receive the angle which was generated by a 
variable transfer ratio relative to the steering angle of the steering wheel. However, in times 
of emergency, such as a malfunction of an electronic control unit (ECU), the input shaft of 
the actuator and the motor shaft can lock up, thereby disabling variance of the transfer ratio. 
[0005] In the meantime, another Japanese Patent Laid-Open Publication No. 2001-30921 
describes a steering apparatus including a damper. This steering apparatus includes a flexible 
coupling, a first steering shaft connected to one side of the flexible coupling, a second 
steering shaft connected to an opposite side of the flexible coupling, and a stopper plate 
attached to the flexible coupling for restraining relative displacement in a torsion direction of 
the first and second steering shafts. The stopper plate is firmly fixed with a mass, which is a 
damper. The damper includes a solid metal body coated with a rubber outer layer. 
[0006] According to the steering apparatus with the aforementioned structure, vibration, 
which may occur upon steering the steering wheel, can be absorbed by the damper, thereby 
leading to a reduction of in- vehicle noise. However, in the structure of Japanese Patent Laid- 
Open Publication No. 2001-30921, it is necessary to have two steering shafts, which is 
undesirable. 

[0007] When the above-described transfer ratio varying apparatus was actually mounted on a 
vehicle, it became obvious that in-vehicle noise is caused due to vibration of the steering 
wheel. In order to overcome this drawback, it may be preferable that the transfer ratio 
varying apparatus possesses substantially similar structure as the above-described steering 
apparatus. That is, the steering shaft of the transfer ratio varying apparatus is divided 
between first and second steering shafts with a flexible coupling therebetween, where the 
damper can be firmly fixed with a stopper plate attached to the flexible coupling. 
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[0008] However, the inventors of the present invention experimentally verified that vibration 
of the steering wheel arises from the rotation of the motor shaft. More particularly, vibration 
along the motor shaft rotation becomes vibration of the actuator. The actuator vibration is 
transmitted to the steering wheel via the steering shaft. Therefore, even if the damper is 
disposed between the first and second steering shafts, the vibration caused due to the motor 
shaft rotation may be amplified via the first and second steering shafts, which are relatively 
long. As a result, still some concerns may remain that the in- vehicle noise is not sufficiently 
reduced. 

[0009] In light of foregoing, a need thus exists for providing an improved transfer ratio 
varying apparatus capable of effectively reducing in- vehicle noise. 

SUMMARY OF THE INVENTION 
[0010] According to one aspect of the present invention, a transfer ratio varying apparatus 
includes a steering shaft configured to transmit a steering angle of a steering wheel, and an 
actuator connected to the steering shaft. The actuator includes a housing, an input shaft 
disposed to integrally rotate with the housing and is connected to the steering shaft, a motor 
fixed in the housing and including a rotatable shaft, an output shaft supported by the housing 
for its rotation and configured to transmit an angle to a wheel assembly, and a gear 
mechanism disposed between the shaft of the motor and the output shaft in the housing. The 
gear mechanism is configured to increase or decrease a rotational angle of the shaft of the 
motor and to output the increased or decreased rotational angle to the output shaft, wherein a 
transfer ratio between the steering angle and the angle of the wheel assembly is varied. The 
apparatus further includes a damper disposed between the input shaft of the actuator and the 
steering shaft for absorbing vibration caused by the actuator. 
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[0011] It is preferable that the apparatus further includes a flexible coupling configured to 
connect the input shaft of the actuator and the steering shaft. In this case, the damper can be 
disposed in the flexible coupling. 

[0012] Further, it is preferable that the flexible coupling includes a first yoke fixed to the 
steering shaft and defining the maximum outer diameter of the flexible coupling, a coupling 
main body made of at least an elastic member being elastic in a radial direction thereof and 
fixed to the first yoke by a first bolt extending along an axis of the first yoke, and a second 
yoke fixed to the coupling main body by a second bolt extending along an axis of the second 
yoke and fixed to the input shaft. In this case, the damper can be fixed to the first yoke by the 
first bolt. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 
[0013] The foregoing and additional features and characteristics of the present invention will 
become more apparent from the following detailed description considered with reference to 
the accompanying drawing figures, wherein: 

[0014] FIG. 1 is a view illustrating a transfer ratio varying apparatus including a partial cross- 
sectional view of a flexible coupling thereof according to an embodiment of the present 
invention; 

[0015] FIG. 2 is a plan view illustrating a damper disposed in the flexible coupling illustrated 
in FIG. 1; 

[0016] FIG. 3 is a cross-sectional view of the damper taken along the line III - III in FIG. 2; 
[0017] FIG. 4 is a view illustrating the flexible coupling and a steering shaft for explaining 
experimentally assembled portion of the damper; 
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[0018] FIG. 5 is a graph for explaining damping force characteristics regarding each 
assembled portion of the damper in FIG. 4 according to the embodiment of the present 
invention; 

[0019] FIG. 6 is a graph for explaining sound pressure caused by the transfer ratio varying 
apparatus which is removed with the damper; 

[0020] FIG. 7 is a graph for explaining the sound pressure caused by the transfer ratio 
varying apparatus which disposes the damper therein; and 

[0021] FIG. 8 is a graph for explaining the sound pressure caused by the transfer ratio 
varying apparatus which is removed with the damper after the experiment for majoring the 
sound pressure caused by the apparatus provided with the damper. 

DETAILED DESCRIPTION OF THE INVENTION 
[0022] In addition to a first embodiment of the present invention, non-limiting examples, 
experiments 1 and 2, will be described hereinbelow in detail with reference to the 
accompanying drawings. 

[0023] As illustrated in FIG. 1, a transfer ratio varying apparatus according to a first 
embodiment of the present invention is operatively connected to a steering wheel (not 
illustrated). The transfer ratio varying apparatus includes a steering shaft 3 for transmitting a 
steered angle of the steering wheel, an actuator for increasing or decreasing a torsion angle of 
the steering shaft 3, a flexible coupling 2 for connecting the steering shaft 3 and the actuator 1 
via a universal joint 4. The steering shaft 3 may also be referred to as a column shaft. 
[0024] The actuator 1 includes an input shaft 14, a spiral cable assembly 11, a motor 12, a 
gear mechanism 13, and an output shaft 15. The spiral cable assembly 11, the motor 12, and 
the gear mechanism 13 are housed in the housing 10. One end of the input shaft 14 is 
connected to the flexible coupling 2 and the other end thereof is operatively connected to the 
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housing 10 for integral rotation. The spiral cable assembly 11 connects the motor 12 and an 
exterior thereof via a flexible flat cable. The motor 12 (fixed in the housing 10) is provided 
with a shaft that is configured to rotate based upon a command from an electronic control unit 
(ECU) (not illustrated). Hereinafter, the shaft of the motor is referred to as a motor shaft. A 
rotational angle of the motor shaft is increased or decreased by the gear mechanism 13, and is 
outputted to the output shaft 15. The output shaft 15 is connected to the housing 10 to 
transmit the output from the gear mechanism 13 as an angle to a driven wheel assembly. For 
example, when the vehicle is a front wheel drive type vehicle, the wheel assembly includes 
front wheels and a driven axle connecting the front wheels. When the vehicle is a rear wheel 
drive type vehicle, the wheel assembly includes rear wheels and a driven axle connecting the 
rear wheels. Hereinafter, the angle of the wheel assembly is referred to as a wheel angle. 
[0025] The flexible coupling 2 is configured with a first yoke 20, a coupling main body 22, a 
second yoke 24, and a damper 25. The first yoke 20 and the second yoke 24 may be made of 
metal, as a non-limiting example. The steering shaft 3 acts as an input side of the universal 
joint 4, and the first yoke 20 of the flexible coupling 2 acts as an output side of the universal 
joint 4. The coupling main body 22 may be made of, for example, an elastic member such as 
rubber or the like and may be disc-shaped. The first yoke 20 and the damper 25 are both 
fastened to the coupling main body 22 by two first fastening devices 21. A non-limiting 
example of the first fastening device includes bolts or the like. The first bolts 21 are 
substantially symmetrically arranged relative to a center of the coupling main body 22 and 
extend substantially in a vertical manner relative to a cross section of an axis of the coupling 
main body 22. The second yoke 24 is formed integrally with the input shaft 14 and is fixed to 
the coupling main body 22 by use of two second fastening devices 23. One non-limiting 
example for the second fastening devices is bolts or the like. The second bolts 23 are 
substantially symmetrically arranged relative to the center of the coupling main body 22 and 
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extend substantially in the vertical manner relative to the cross section of the axis of the 
coupling main body 22. A line extending between central portions of the first bolts 21 
intersects at substantially right angles with a line extending between central portions of the 
second bolts 23 along the cross section of the axis of the coupling main body 22. 
[0026] As illustrated in FIGs. 2 and 3, the damper 25 has a ring-shaped structure. The 
damper 25 may be made of metal, as a non-limiting example. Two recessed surfaces 25a are 
defined at one surface of the damper 25 at a side of the steering shaft 3 and are substantially 
symmetrically arranged relative to an axis of the damper 25. Each recessed surface 25a 
includes a through hole 25b for penetrating the first fastening device 21. Meanwhile, two 
recessed surfaces 25c are defined at the other surface of the damper 25 at a side of the first 
yoke 20 and are substantially symmetrically arranged relative to the axis of the damper 25. A 
line extending between central portions of the two recessed surfaces 25a intersects at 
substantially right angles with a line extending between central portions of the two recessed 
surfaces 25c. A recessed portion 25d is defined to go through the recessed surfaces 25c and 
to recess in a radially outward direction of the damper 25. Therefore, the second bolts 23 
may be effectively prevented from contacting with the damper 25. 

[0027] According to the transfer ratio varying apparatus with the above-described structure, 
the steering shaft 3 and the input shaft 14 of the actuator 1 are connected to each other via the 
flexible coupling 2. The damper 25 is disposed in the flexible coupling 2. For example, 
according to the first embodiment of the present invention, the damper 25 is disposed at a 
vicinity of or in contact with the first yoke 20 of the flexible coupling 2. That is, the damper 
25 may be disposed adjacent to the actuator 1. Therefore, vibration along with the rotation of 
the motor shaft can be effectively attenuated immediately after being outputted from the 
actuator 1 . 



7 



[0028] Further, the vibration of the actuator 1 mostly arises from the rotation of the motor 
shaft. Therefore, the vibration of the actuator 1 may contain vibration amplitude along a 
circumferential direction of the input shaft 14. The vibration amplitude can be attenuated 
more effectively in response to increase of a turning radius of the damper 25, thereby 
enabling reduction of in-vehicle noise more effectively. However, the turning radius of the 
damper 25 is limited up to a certain level such that the damper 25 can be effectively 
prevented from osculating with exterior portions such as a column cover. 
[0029] In light of this, the damper 25 is provided at the first yoke 20 such that the maximum 
turning radius of the damper 25 can be defined to be approximately equal to a radius of the 
coupling main body 22. In the foregoing manners, the vibration of the actuator 1 can be 
effectively absorbed by the transfer ratio varying apparatus according to the embodiment of 
the present invention. As a result, the in-vehicle noise can be effectively reduced. 
[0030] In terms of cost, the steering shaft 3 is not required to be divided, since the damper 25 
can be disposed adjacent to the actuator 1. This can lead to reducing manufacturing cost of 
the apparatus. Further, the damper 25 may be made of a metal having a constant mass such 
that the damper 25 can be manufactured at a moderate price and can be easily assembled. 
Still further, the damper 25 and the first yoke 20 can both be fixed to the coupling main body 
22 together, thereby enabling better assembling performance and reduced manufacturing 
costs of the apparatus. 

[0031] (Experiment 1) 

[0032] This experiment 1 verifies absorbing ability of the damper for absorbing the vibration 
of the actuator depending upon an assembled position of the damper. More particularly, this 
experiment estimates damping force characteristics for damping vibration acceleration (db-G) 
at the frequency bands a and (3 by measuring the vibration acceleration along with the 
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steering direction of the steering shaft 3 illustrated in FIG. 4 by an arrow. Since vibration of 
the steering shaft at the frequency bands a and /3 is highly related to in-vehicle noise caused 
when the actuator is actually mounted on a vehicle, this experiment is preferably performed 
while the actuator is activated under substantially the same conditions as when actually 
mounted on the vehicle. In this case, two nuts (such as type Ml 6) are sequentially attached to 
portions denoted with reference letters B through M and respective rotational symmetrical 
portions thereof. 

[0033] Damping vibration acceleration at each portion was experimentally verified as shown 
in FIG. 5. Bar graphs of reference letter A denote the damping vibration acceleration 
measured when the nuts were not adhered at any portions of the transfer ratio varying 
apparatus. The positions denoted with the reference letters F and H are actually the same 
position. In other words, the nut at the position F is located substantially at the same place as 
the nut at the position H. However, the nut at the position F is attached in a different 
direction from the nut at the position H. 

[0034] As explained by FIG. 5, the portion of the apparatus denoted with the reference letter I 
is estimated to possess the highest damping performance among the other experimented 
portions of the apparatus. Therefore, it would be most effective to dispose the damper at the 
portion denoted with the reference letter I. However, the portion denoted with the reference 
letter I actually corresponds to an outer periphery of the first yoke 20. If the damper 25 were 
disposed at the position I, it may be difficult to assemble the column cover. In light of 
foregoing, the portion of the apparatus denoted with the reference letter G is estimated to 
possess fairly high damping performance to absorb the vibration at both frequency bands a 
and /3 (next to the position I). Therefore, it would be optimal to assemble the damper at the 
position G. 



9 



[0035] (Experiment 2) 

[0036] This experiment 2 verified a degree of a sound pressure (db - A) which may be 
applied to a driver's ears by the above-described transfer ratio varying apparatus. 
[0037] As a first step, the experiment estimated a degree of the sound pressure which may be 
applied to the driver's ears when the damper was removed from the apparatus. With 
reference to FIG. 6, "Background noise" corresponds to a sound pressure generated during 
the steering wheel maintained at an original position without being steered. Sound pressure 
denoted with "Right turn 1" and "Right turn 2" correspond to sound pressure during turning 
the steering wheel in a right turning direction, respectively. The steering wheel was turned 
twice in the right turning direction, i.e. in a clockwise direction. In the meantime, sound 
pressure denoted with "left turn 1" and "left turn 2" correspond to sound pressure during 
turning the steering wheel in a left turning direction, respectively. The steering wheel was 
turned twice in the left turning direction, i.e. in a counterclockwise direction. 
[0038] Secondarily, the experiment estimated a degree of the sound pressure to be applied to 
the driver's ears when the damper is assembled in the apparatus. The experimental result is 
shown in FIG. 7. Further, the experiment estimated a degree of the sound pressure which 
may be applied to the driver's ears by removing the damper from the apparatus once again. 
The experimental result is also shown in FIG. 8. 

[0039] With reference to FIGs. 6 and 7, the sound pressure is reduced around the frequency 
band j8 when the damper is disposed in the transfer ratio varying apparatus. When the 
damper is removed from the apparatus again, the sound pressure results substantially in the 
same manner as shown in FIG. 6. As described above, this experiment clearly verifies that 
the sound pressure is reduced around the frequency band jS. Therefore, according to the 
transfer ratio verifying apparatus according to the embodiment of the present invention, in- 
vehicle noise can be effectively reduced at a moderate price. 
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[0040] The principles, preferred embodiment and mode of operation of the present invention 
have been described in the foregoing specification and drawings. However, the invention 
which is intended to be protected is not to be construed as limited to the particular 
embodiment disclosed. Further, the embodiment described herein is to be regarded as 
illustrative rather than restrictive. Plural objectives are achieved by the present invention, and 
yet there is usefulness in the present invention as far as one of the objectives are achieved. 
Variations and changes may be made by others, and equivalents employed, without departing 
from the spirit of the present invention. Accordingly, it is expressly intended that all such 
variations, changes and equivalents which fall within the spirit and scope of the present 
invention as defined in the claims, be embraced thereby. 
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